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Trans -Luminal Surgical Device 

Technical Field 

This invention relates to a trans -luminal surgical device and 
more particularly, but not exclusively, to a stent pusher 
assembly, and to a delivery system having a rapid -exchange 
configuration for deploying a self -expanding stent at a 
stent ing site within a human or animal body. 

Background Art 

EP-A-1 095 634 (EP 634) discloses a rapid- exchange, self- 
expanding stent delivery system. EP 634 discloses a system 
in which the soft atraumatic distal tip of the system is at 
the leading end of the inner catheter. The outer sheath of 
the delivery system has a distal end which stops proximally 
short of the atraumatic tip. 

Stents to be deployed at a stenting site within a human or 
animal body expand radially in the course of delivery, from a 
radially compact delivery disposition to a radially larger 
deployed disposition. In self -expanding stents made of 
stainless steel, the deformation of the stent is below the 
elastic limit, the stent until its deployment being radially 
confined and under elastic stress and typically released by 
proximal withdrawal of a confining sheath while the stent is 
itself prevented from moving proximally with the confining 
sheath by abutment with a stop on the distal end of a 
catheter shaft which suffers axial compressive stress while 
the surrounding sheath is proximally withdrawn. 

By contrast, stainless steel stents which are relaxed in a 
radially compact disposition suffer plastic deformation when 
expanded into their deployed disposition by inflation of a 
balloon within the lumen of the stent. 
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An early example of stainless steel self-expanding stents is 
Gianturco US-A-4, 580,568 and an early example of the balloon 
expansible stainless stent is Palmaz EP-A-221 570. 

A third category of stent is the memory metal stent, made of 
a biologically compatible nickel -titanium shape memory alloy 
with martensitic and austenitic phases. At body temperature, 
the stent "seeks" to revert to the austenitic phase. 
Typically it is confined within a surrounding sheath and 
again released at the stenting site by proximal withdrawal of 
this sheath. 

The present invention offers improvements in systems to 
deliver those stents which are brought to the stenting site 
within a confining surrounding sheath. 

In the technical field of stenting, there is a desire to 
reduce the transverse dimensions of the stent delivery 
system. In this field, the widely used measure of transverse 
cross-section is the unit of "French", often abbreviated to 
"F" which is a one third part of a millimeter. Thus, a 6 
French (6F) delivery system has a diameter of 2 millimeters. 

For any particular stenting operation, one has to select a 
particular stent and a particular delivery system. There is 
a large choice in both of these elements. Accordingly, it 
would be an advantage for manufacturers of stents and their 
delivery systems to achieve a degree of modularity in the 
design and construction of stents and their delivery systems. 
For example, there is a wide range of stents which could be 
delivered by a 6F delivery system and it would therefore be 
convenient for the manufacturer of a stent delivery system to 
be able to tailor a basic 6F system to fit any particular 
stent which would be compatible with a 6F delivery system. 
This would reduce costs, to the advantage of patients, while 
retaining full flexibility for medical practitioners to 
optimise their choice of stent for any particular patient. 
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Like many catheter systems and trans -luminal surgical 
devices, a stent delivery system is often used with a 
flexible guidewire. The guidewire is preferably made of 
metal, and is slidably inserted along the desired body 
passage. The delivery system is then advanced over the thus 
pre-placed guidewire by "backloading" or inserting the 
proximal end of the guidewire into a distal guidewire port 
leading to a guidewire lumen defined by the delivery system. 

Many conventional trans -luminal surgical devices delivery 
systems define guidewire lumens that extend along the entire 
length of the outer sheath. These delivery systems are 
described as "over-the-wire" delivery systems, in that the 
surgical device is guided to the site of the surgery over the 
guidewire, the guidewire thereby exiting the delivery system 
at the proximal end of the delivery system. "Over-the-wire" 
delivery systems provide several advantages, including 
improved trackability, the ability to flush the guidewire 
lumen while the delivery system is inside the patient's body, 
and easy removal and exchange of the guidewire while the 
delivery system remains in a desired position in the patient. 

In some circumstances, however, it may be desirable to 
provide a "rapid exchange" delivery system, which offers the 
ability more easily to remove and exchange the delivery 
system while retaining the guidewire in a desired position 
within the patient. In a rapid-exchange delivery system, the 
guidewire occupies a lumen located only in the distal portion 
of the delivery system. The guidewire exits the delivery 
system through a proximal guidewire port, closer to the 
distal end of the delivery system than to its proximal end, 
and extends in parallel along the outside of the proximal 
portion of the delivery system. 

Because a substantial length of the guidewire is outside the 
delivery system, it may be manually held in place close to 
the point where it passes the entry point on the body of the 
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patient, as the delivery system is removed. This facilitates 
handling, removal and exchange of the delivery system for the 
practitioner for the following reasons. 

With a guidewire lumen that is much shorter than the full 
catheter length a single physician can insert and remove a 
stent (or other surgical device) delivery system into and 
from the patient's body. Whereas conventional delivery 
systems require a guidewire having a length at least double 
the length of the outer catheter, the rapid- exchange 
configuration allows the use of much shorter guidewires which 
enable a single physician to handle the proximal end of the 
guidewire at the same time as the catheter at the point of 
its entry into the body of the patient. 

Accordingly, the present invention advantageously provides a 
stent delivery system having a rapid -exchange configuration 
for delivering and deploying a self -expanding stent or other 
trans-luminal surgical element, or performing a surgical 
procedure in a percutaneous, trans-luminal manner. 

Stents themselves cannot be directly seen by the naked eye 
during a trans-luminal journey to the stenting site, nor can 
one directly see whether the stent is exactly located as 
desired within the stenting site. Rather, indirect means 
have to be used to follow the progress of the stent through 
the body and make sure that it is correctly located before it 
is deployed. Thus, the device delivery system is used during 
deployment to carry radiopaque contrast or marker fluid to 
the site of surgery so that the target site can be seen 
through the radiopaque fluid in the bodily lumen at the site. 
This radiopaque fluid is generally injected through an 
injection port at the proximal end of the delivery system and 
through an annular space between an outer sheath of the 
delivery system and a proximal portion of an inner catheter 
shaft. The visibility of the site is adversely affected when 
the lumen, through which radiopaque contrast fluid is 
injected, is too small at the site to deliver a strong pulse 
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of contrast fluid. As pulses of fluid are used for 
visualisation, the effectiveness of visualisation depends on 
the volume flow in each pulse. This in turn depends on the 
ease of flow of the fluid along the full length of the 
delivery system, from the point of injection at the proximal 
end, to the site of surgery beyond the distal end of the 
delivery system. 

Thus, delivery systems which offer a large cross-section and 
unimpeded lumen for contrast fluid will be favoured by 
radiologists, other things being equal. The visibility can 
additionally be increased by further reducing the resistance 
of the system to pulses of contrast fluid. It is therefore an 
object of the present invention to provide good visualisation 
with contrast fluid, without sacrifice of other important 
performance aspects of the delivery system, including 
pushability and low overall diameter. By increasing 
"pushability" we mean the capability to be advanced longer 
distances along narrower and more tortuous bodily lumens. 

Furthermore, the delivery system invariably carries at least 
one radiopaque marker at a known location relative to the 
length of the surgical device (such as a stent) , so that 
radiologists can be sure of the location of the ends of the 
device, on the basis of their knowledge of the location of 
the radiopaque marker. Even if the device is rendered 
sufficiently radiopaque for it to be seen, it is still useful 
to have a radiopaque marker on the distal end of the delivery 
system, to reveal for example successful separation of the 
device from the delivery system. 

Thus, in our example of a 6F delivery system, to be used for 
delivering stents of various lengths, there will be a wish to 
provide radiopaque markers within the delivery system at two 
spaced-apart locations on the axis of the delivery system, 
corresponding to the opposite ends of the stent (until the 
stent is deployed out of the system) . One object of the 
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present invention is to offer a degree of modularity in this 
design aspect. 

With delivery systems having a rapid- exchange configuration, 
just as with over-the-wire systems, the delivery system is 
advanced over the guidewire, itself normally within a guide 
catheter, in order to bring the distal tip and surgical 
device to the site of surgery. Depending on the application, 
different diameter guidewires are specified. Two commonly 
used guidewire diameters are 0.46 mm/0.018 inches and 0.89 
mm/0.035 inches (commonly known as 18 thou or 35 thou 
guidewires) . Thus, a further degree of modularity can be 
achieved by offering a delivery system which is compatible 
with a range of guidewire diameters, specifically, both 18 
thou and 35 thou guidewires. 

Naturally, it would be an advantage for any new stent 
delivery system to be able straightforwardly to take the 
place of those previous delivery systems which individual 
practitioners have grown to be comfortable using. One such 
system uses in its proximal shaft portion a metal "hypo" 
tube, which can be made of stainless steel or another 
biocompatible alloy such as the cobalt/chromium/nickel alloy 
known by the trademark PHYNOX. The tube usually contains a 
push rod and the tube and rod move axially relative to each 
other to release the stent. 

Further, it goes almost without saying, that good design for 
delivery systems for surgical devices such as stents is 
indicated by manufacturing steps which can be performed with 
high precision and reliability, yet with acceptable cost 
levels. This is yet another objective of the present 
invention. 

Finally, for any system which is extremely long in proportion 
to its diameter, and features at least three co-axial 
elements, the cylindrical surfaces of these co-axial elements 
need to be so composed and conformed that friction between 
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them is low enough that the co-axial elements can be moved 
tolerably easily axially relative to each other. It is yet 
another object of the present invention to provide systems 
which offer possibilities for bringing these friction levels 
down to advantageously low levels. 

Along with all these issues already appreciated by those 
skilled in the art, there is a further performance aspect 
which becomes evident when a self -expanding stent is released 
progressively by successive proximal stepwise movements of 
the outer confining sheath. 

Typically, the delivery system is extremely long in 
proportion to its cross-sectional dimensions, and is 
constructed predominantly or wholly from synthetic polymeric 
materials which have substantial elasticity and marked 
kinetic aspects to their deformation characteristics. In such 
a case, any particular rate of strain imposed on the proximal 
end of the outer sheath is likely to be experienced at the 
distal end of the same sheath in a somewhat different strain 
rate. For example, a fast squeeze of the trigger of a 
deployment system at the proximal end of the sheath will 
likely result in a somewhat slower resulting proximal 
advancement of the distal end of the same sheath. 
Furthermore, a pull on the sheath will impose compressive 
stresses along the length of the inner shaft, likely leading 
to a proximal movement of the stent which then relaxes back 
to the original, more distal, position of the stent as the 
tensile stress in the outer sheath eases back towards zero. 
In its own delivery systems, Applicant has observed what 
happens at the distal end of a stent delivery system during 
successive squeezes of the trigger of a delivery system which 
pulls the outer sheath proximally in a series of. steps. The 
appearance at the stent end of the system is as if the system 
were "breathing" in that it, and the stent, moves axially 
first proximally, then distally, with each squeeze of the 
trigger . 
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This "breathing" phenomenon is of course a complicating 
factor when it comes to precision of intra-luminal placement 
of a stent (or other surgical element) within any particular 
luminal site of surgery. It is yet another object of the 
present invention to ameliorate this problem. 

Relevant disclosures of intra-luminal surgical element 
deployment system are disclosed in Applicant's earlier 
WO 01/34061 (WO 061) and WO 03/003944 (WO 944) the contents 
of which is hereby incorporated by this reference. For 
placement of a stent, the system may include an annular 
pusher element which abuts the stent to stop it moving 
proximal ly when the outer sheath is withdrawn proximal ly to 
release the stent . 

In one embodiment of the system disclosed in WO 944 there is 
included a pusher assembly for a delivery system for a self- 
expanding stent, the pusher assembly constituting a catheter 
shaft with a proximal pusher end to receive an end- wise 
compressive force and a distal pusher end to deliver said 
force to a stent to be delivered, the pusher assembly 
comprising a pusher strand extending from the proximal pusher 
end to a distal strand end which is nearer the distal pusher 
end than the proximal pusher end; a pusher element which 
abuts the stent in use to deliver said force to the stent; 
and a transfer shaft having a proximal and a distal end, the 
proximal end being connected to the distal tube end and the 
distal end being connected to the pusher element and wherein 
the pusher element defines a guidewire path, and the transfer 
shaft lies to one side of said path. 

By contrast, in conventional systems such as that of EP 634 
in which the atraumatic tip is carried on the inner catheter, 
the pusher element is mounted on a tube which has a guidewire 
lumen and extends distally all the way to the tip. 

Embodiments of the system of WO 944 provide a stent delivery 
system having a rapid- exchange configuration for a self- 
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expanding stent which provides improved visualisation through 
an increased volume flow in each pulse of radiopaque contrast 
medium pumped through the device. The volume flow in each 
pulse is increased in the present invention due to a 
simplified and reduced internal structure of the delivery 
system. 

The fundamental disclosure of Gianturco US-A-4 , 580 , 568 
reveals the essential features of a basic delivery system to 
be an outer sheath confining a stent in a radially compressed 
state and a pusher element preventing proximal movement of 
the stent when the outer sheath is proximally withdrawn. The 
pusher element is carried on an inner catheter shaft. The 
delivery system is inserted over a guidewire into a lumen of 
a human or animal body. 

A preferred embodiment of the system of WO 944 gets back some 
way towards the simplicity of such a delivery concept by 
shortening the inner catheter shaft so that its distal end is 
relatively close to the proximal guidewire lumen exit port. 
By contrast, in the by now conventional tip arrangement of a 
self-expanding stent delivery system the inner catheter shaft 
extends more distally, even beyond the distal end of the 
stent, to provide a tapered tip, for ease of insertion of the 
delivery system into the patient's body and for reducing 
trauma whenever the catheter is advanced distally. Above- 
mentioned EPO 634 discloses a stent delivery system which 
conforms to this conventional model. 

In preferred embodiments of the system of Applicant's WO 944, 
the stent pusher element carries a carrier tube which is used 
to define at least a short distal guidewire lumen. Further, 
a system tip taper on the distal end of the outer sheath, 
renders redundant the need for an atraumatic distal tip on 
the inner catheter distal of the stent. Therefore, the 
internal structure of the delivery system is more open, which 
consequently enhances ease of flow and the volume of contrast 
fluid that can be ejected from the distal end of the delivery 
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system with each successive pulse imposed from the proximal 
end of the delivery system. Hence, visualisation is 
improved . 

The manufacturing and assembling steps required to get the 
delivery system ready for use are minimised due to the 
simplified internal structure. No longer is there a 
necessity for keeping the stent at a fixed position on the 
inner catheter shaft while the outer sheath is fitted over 
the stent. Also, the risk of advancing the stent too far 
distally and out of the distal opening of the outer sheath 
during assembly of the delivery system is minimised, since 
the outer sheath preferred in embodiments of WO 944 comprises 
the tapered tip which acts as a distal stopper for the stent 
during assembly. Also, it is worthwhile to note that there 
are fewer steps during manufacturing and assembly of the 
stent delivery system, which itself is a valuable gain in 
this technical field. 

The systems illustrated in Applicant's WO 061 and WO 944 
include a self -expanding stent confined within a sleeve that 
has a heat-formed tapered distal tip. The stent is loaded 
into the sleeve from the proximal end of the sleeve and, upon 
deployment of the stent, the tapered tip is drawn proximally 
over the whole length of the stent to release the stent 
progressively . 

The introduction of a stent using a preferred embodiment of 
the stent delivery system of WO 944, and subsequent removal 
of the delivery system, is facilitated especially in tortuous 
vessels and other body lumens having a relatively narrow 
diameter because, once the stent has been placed at a desired 
site inside the patient's body, there need be no component of 
the delivery system which is radially inwardly located from 
the stent and which has to be proximally withdrawn through 
the stent lumen. Especially in narrow and sharply curved body 
vessels, this might introduce a risk that the distal tip 
being withdrawn through the stent lumen interferes with 
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bodily tissue protruding radially inwardly through the 
interstices of the stent and into the stent lumen. A 
preferred delivery system avoids this problem by providing 
the tapered tip on the distal end of the outer sheath so 
that, during removal of the delivery system out of the 
patient's body, there need be no system components which 
travel proximal ly within the stent lumen and are likely to 
engage with the inner surface of the stent. 

In one preferred embodiment revealed in WO 944, the pusher 
element is a cylinder which has a distal -facing end face at 
the distal end of the cylinder to push on the proximal end of 
the stent. The end face is flat and transverse to the axis 
of the cylinder. The pusher element can serve as, and 
preferably does serve as, a radiopaque marker. 

If desired, the pusher element can also serve as a mount for 
a distal marker carrier tube cantilevered distally forward 
from the pusher element to lie within the space that will 
correspond to the lumen of the stent to be deployed by the 
system. This is useful when it is required to have on the 
delivery system a radiopaque marker for the distal end of the 
stent. This radiopaque marker can be placed on the carrier 
tube at a position at or towards the distal end of the 
carrier tube and corresponding to the distal end of the 
stent. For stents of different lengths, the length of the 
carrier tube can easily be varied to correspond to the stent 
length, prior to fixing the distal marker on the carrier 
tube . 

It will be appreciated that the carrier tube requires 
relatively little strength, so can be made thin and flexible, 
thereby reducing the risk of its interfering with tissue 
protruding through the stent during its withdrawal from the 
stenting site. 

As the carrier tube is a relatively simple and isolated part 
of the delivery system, and conveniently made of a synthetic 
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polymeric material, it will be a relatively simple matter to 
change the length of the carrier tube to suit any particular 
stent destined to be carried on the system. If desired, the 
carrier tube can be extended backwardly proximal ly from the 
pusher element and given an end flared outwardly proximally. 
This flared end provides security against the possibility of 
unwanted slippage of the carrier tube distally through the 
pusher element. and of being left behind in the body when the 
delivery system is withdrawn. It may also be useful to guide 
the guidewire through the system whenever there is need to 
introduce the distal end of the guidewire from the proximal 
end of the system. 

Another option for modularisation is given by a transfer 
shaft connecting the rod or inner catheter with the pusher 
element. This can be set to any desired length, to 
accommodate stents of different length in a delivery system 
which features standard length catheter components such as 
the sheath, rod or inner catheter and pusher tube. It may be 
convenient to use a welded joint to fasten one or both of the 
two ends of the transfer shaft to the pusher element and rod, 
respectively. 

Summary of the Present Invention 

The present invention is an improvement in, or modification 
of, the system disclosed in Applicant's earlier WO 944. The 
system of the present invention can be used for purposes 
other than delivering a self -expanding stent. Further: 

i. the distal end of the outer sheath need not be tapered, 
with any desired taper being provided on an inner shaft 
instead; and 

ii. the proposals of WO 944 for modular construction need 
not be included. 

The present invention is defined, in one aspect, in claim 1 
below. In another aspect, the present invention features the 
step of imposing a radially- inward taper on the proximal end 
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of a sleeve which is itself at the distal end of a trans- 
luminal, guidewire- advanced, rapid-exchange surgical delivery 
device, the taper defining a proximal guidewire lumen exit 
port . 

In one embodiment, a mandrel is used to define the exit port, 
as the taper is imposed. The mandrel is conveniently a pin, 
lying in the path which the guidewire should occupy, but with 
a diameter slightly larger than the contemplated guidewire. 
The taper can be imposed by a combination of heat and 
radially- inward pressure. Heat- forming the sleeve in a 
proximal end zone thereof is one possibility to impose the 
said taper. Heat shrinking with the mandrel in place is 
particularly preferred. Heat -shrinking the sleeve over a 
distally-directed shoulder of the delivery system is an 
effective way to build a push- compatible connection between 
the distal end of a shaft of the delivery device and the 
proximal part of the sleeve of the device. Equipment 
suitable for accomplishing the desired heat -forming step is 
obtainable from Engineering and Research Associates, Inc. 
which does business as SEBRA. SEBRA is at 100 North Tucson 
Boulevard, Tucson, AZ 85716, USA and www.sebra.com . 

If the sleeve is reinforced with filamentary material such as 
a metal braid, and if the sleeve defines an atraumatic tip of 
the surgical delivery device, then it will normally be 
appropriate to terminate the filamentary material proximal of 
the inwardly- tapering tip. At the inwardly tapered proximal 
end zone of the sleeve, it may be attractive for a metallic 
braid or other filamentary reinforcing material to remain, so 
as to enhance the connection in tension between the " sleeve 
and the shaft. In the case of a mesh embedded in the wall 
thickness of a sleeve of synthetic polymeric, heat -so ft enable 
material, heat -forming of the proximal taper can allow the 
crossing angle of the braided filaments to change, as the 
tube defined by the braid in the tapered proximal zone 
reduces its diameter and increases its length. As mentioned 
above, such filamentary reinforcement, especially braiding, 
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can help to obviate or ameliorate the "breathing" phenomenon 
users experience when trying to deploy, in a series of 
sleeve -withdrawing pulls, a self -expanding stent into a 
bodily lumen. 

In preferred embodiments of the delivery device of the 
present invention, its primary shaft is a tube. That tube 
may contain an inner shaft which, in use, slides relative to 
the tube, whereby the imposition of endwise compression on 
the inner shaft, and endwise tension on the tube, withdraws 
the sleeve proximally relative to the distal end of the inner 
shaft. In other embodiments, the endwise compression is 
suffered by the tube and the endwise tension is imposed on a 
pull wire within the tube of the shaft. Indeed, such an 
arrangement has advantages, explained below. Typically, the 
distal end of the inner shaft is configured as a pusher, for 
maintaining the position of a surgical element at the site of 
surgery, during proximal withdrawal of the sleeve to expose 
the surgical element to the bodily lumen along which the 
delivery device has been advanced to the site of surgery. 
Otherwise, the tube of the primary shaft can be connected to 
such a pusher. The surgical element is typically a self- 
expanding stent, of a biologically compatible material such 
as a nickel -titanium shape memory alloy. 

When assembling the delivery system, it may be convenient 
first to form the distal tip of the sheath, then to load the 
stent into the lumen of the sheath from its proximal end, 
then to advance the inner catheter components into the sheath 
proximal of the stent, and finally to form the inwardly 
tapered proximal end of the sheath. 

Conveniently, the guider tube of the device extends distally 
beyond the distal end of the primary shaft of the delivery 
device. It may be useful to include a guidewire guider hose 
which has a proximal end and a distal end, and a lumen which 
is contiguous with the lumen for the guidewire in the guider 
tube, the proximal end of the guider hose being contiguous 
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with the distal end of the guider tube. Conveniently, the 
distal end of the guider hose is flared radially outwardly, 
towards the luminal wall of the sleeve so that, when the 
proximal end of a guidewire is back- loaded into the distal 
end of the sleeve of the delivery device, the outward taper 
gathers the proximal end of the guidewire into the lumen of 
the guider hose (and thereafter through the guider tube and 
out through the proximal guidewire lumen exit port) . 
Preferably, the distal end face of the guider hose occludes 
substantially all the sheath lumen and has one lumen for the 
guidewire and a separate lumen for the inner catheter shaft. 
With careful shaping of the end face into an inclined ramp 
surface, the proximal end of a guidewire being back- loaded 
into the guidewire lumen can be guided into the guider hose 
lumen by the ramped end face. 

It is contemplated that the structure of the distal end of 
the inner shaft, through to the distal tip of the delivery 
device, may be freely adopted from the inner shaft 
constructions disclosed in Applicant's earlier WO 944, 
including such features as an annular surgical element pusher 
which defines a portion of the length of the guidewire lumen 
and which is aligned with the lumen for the guidewire at the 
distal end of any guider hose. The pusher might carry a 
carrier tube which extends distally from the annular pusher 
and itself defines a portion of the length of the guidewire 
lumen. The carrier tube might carry a radiopaque marker band 
at or near its distal end and the carrier tube might extend 
proximally from the annular pusher into a portion that tapers 
outwardly towards the luminal wall of the sleeve for guiding 
into the carrier tube the distal end of a guidewire advanced 
distally from the proximal guidewire exit port. There might 
be a connector between the inner shaft and the annular 
pusher, for facilitating modular assembly of delivery devices 
to suit different lengths of surgical element. Specifically, 
it will often be advantageous to find an unbroken metal 
strand running from the proximal end of the inner shaft to 
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the annular shaft that is to engage on the surgical element 
due to be deployed from the delivery device. 

For a better understanding of the present invention, and to 
show more clearly how the same may be carried into effect, 
reference is made to the accompanying drawing figures, as 
follows : 

Fig. 1 shows a longitudinal diametral section through the 
distal end of a surgical delivery device in 
accordance with the present invention; 

Fig. 2A is such a section, at greater magnification, of the 
distal portion; 

Fig. 2B the proximal portion, of the distal end shown in 
Fig. 1, 

Fig. 3 is a longitudinal diametrical section through the 
distal end zone of a catheter device in accordance 
with the invention; 

Fig. 3A is the identical section, at larger scale, through 
the distal part of the distal zone of Fig. 3; 

Fig. 3B is an identical section, at larger scale, through 

the proximal part of the distal zone of Fig. 3; and 

Fig. 4 is a longitudinal diametrical section, at enlarged 
scale, of the junction between the pusher tube and 
pusher tube extension of the embodiment of Fig. 3; 

Fig. 5 is a longitudinal diametral section of a first 
variant ; and 

Fig. 6 is a longitudinal diametral section of a second 
variant . 
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Component parts, to the extent that they correspond to 
component parts in the other drawing figures, may be 
identified by the same reference sign. 

Looking at Fig. 1, what is shown is the distal part of a 
stent delivery system having a total length of the order of 
1300 mm, the portion shown in Pig. 1 amounting to the distal- 
most 300 mm of the length of the entire system. As we see, 
this distal portion has an overall diameter of 5F (French) 
whereas the shaft portion of the length of the system, 
proximal of the distal sleeve 4, has an overall diameter of 
about 1 . 8F . 

Now referring to Fig. 2A,B, for the details of construction 
of the system, its primary shaft 18 takes the form of a 
stainless steel hypo-tube. To the distal end of this tube is 
welded a stainless steel guidewire guider tube 200 which has 
a proximal end 202, a lumen, and a distal end 2 04 which is 
located distally of the distal end 206 of primary shaft 18. 
Form-fitted over the distal end of the guider tube 200 is the 
proximal end 2 08 of a synthetic polymeric guidewire guider 
hose 210 which defines a guidewire lumen and has a distal end 
212 which is radially outwardly flared towards the luminal 
surface 214 of the sleeve 4 of the device. 

Within the primary shaft 18 is an inner shaft 16 which 
extends distally forward, past the outward tapered end 212 of 
the guider hose 210, as far as an annular pusher element 8, 
to which it is welded. The inner shaft 16 is conveniently of 
stainless steel and conveniently welded to the annular pusher 
8 which may also be of stainless steel. The pusher 8 can 
comprise, or even consist, radiopaque material such as 
tantalum, in order that the pusher ring 8 may serve as a 
radiopaque marker band. The annular pusher 8 carries a 
carrier tube 74, which itself carries a radiopaque marker 
band 72 and has a proximal end 220 tapered radially outwardly 
towards the luminal wall surface 214 of the sleeve 4, as 
described in above-mentioned WO 944 . 
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Turning now to features that distinguish the present 
invention from the disclosure of WO 944, it is to be noted 
that the sleeve 4, at its proximal end 222, is tapered 
inwardly, to become form- fitted around the external 
cylindrical surface 224 of the primary shaft element 18. 
Figures 1 and 2 show guidewire 2 in chain-dotted outline and 
it is to be noted that this location of the guidewire 2 
extends through a proximal guidewire lumen exit port 226 
found within the tapered proximal portion 222 of the sleeve 
4. One convenient way to form the exit port 226 is with a 
mandrel (not shown) that takes the path of the guidewire, in 
the lumen of the guider tube 200, but which penetrates also 
the sleeve 4, and the embedded braiding 228, after the 
cylindrical wall of the sleeve 4 has been deformed over the 
proximal end 202 of the guider tube 200. 

The mandrel is a simple pin, which extends into the lumen of 
the guider tube 200, and some way proximally of it, and has a 
diameter somewhat greater than that of the guidewire which in 
use of the system, will take the place of the pin. 

With the mandrel having penetrated the sleeve wall and 
braiding, and extending into the guider tube 200 from its 
proximal end 202, the sleeve 4, at its proximal end, can be 
heat-shrunk down onto the primary shaft tube 18. After such 
heat shrinking, the mandrel can be removed, leaving the 
guidewire exit port 226 fully formed in the heat-shrunk 
proximal sleeve end, and aligned with the lumen in the guider 
tube 200. 

Looking along the length of the sleeve 4, distally of the 
inwardly- tapered proximal zone 222, and at the zone 230 
immediately distal of the distal end 206 of the primary shaft 
tube 18, we find another zone of radially inward heat 
shrinkage, around that part of the length of the guider tube 
200 which protrudes distally beyond the distal end 206 of the 
primary shaft tube 18, yet proximal of the distal end 204 of 
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the guider tube 200. This inwardly shrunk zone 230 is 
effective to resist any tendency of the sleeve 4 to slide 
proximal ly over the guidewire guider tube 200, for example 
when the delivery system is subject to compressive stress in 
the primary shaft tube 18, as when it is being pushed from 
its proximal end to urge the distal end, with the sleeve 4 
along a bodily lumen. 

The inward shrinkage can be manifested in a reduced outer 
diameter corresponding to greater frictional engagement 
between the sleeve and the shaft. Alternatively, or 
additionally, the sleeve inner diameter can be reduced, which 
would yield on its luminal surface a shoulder to resist 
proximal slippage of the sleeve in the shaft. 

Additional security is obtained by swaging a ring of 
stainless steel or other swageable material, around the 
guider tube distal end and the shaft tube 16, to compress the 
material of the sleeve 4 just distal of the distal end of the 
shaft tube 16. 

Fig. 2A, 2B shows a self -expanding stent 6 within the sleeve 
4, and a tapered distal end 240 of the sleeve 4 as with the 
embodiments described in WO 944. Note that the embedded 
metallic filament braiding 228 in the sleeve 4 stops 
proximally short of a tapered atraumatic tip 240. Note that 
the atraumatic tip 24 0 of the sleeve 4 tapers down to a 
leading annulus 242 of the entire system, which has a 
diameter adapted to fit with relatively small clearance, or 
even snugly, around the cylindrical wall surface of the 
guidewire 2. 

To assemble the stent 6 and the delivery device, the sleeve < 
is prepared with its proximal end not yet heat -formed. The 
stent 6 is introduced into the sleeve 4 at the open proximal 
end, and advanced along the length of the sleeve until it 
reaches its delivery disposition just proximal of the distal 
tip of the sleeve 4 . Then the assembly of pusher 8 in a 
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shaft 12/16 and primary shaft tube 18 is assembled together 
and all introduced as a sub-assembly into the open proximal 
end of the sleeve 4. Then a mandrel is advanced through the 
wall of the sleeve 4, as that wall lies over the proximal end 
of the guide tube end 202 of the guider tube 200, and 
advanced into the lumen of the guider tube 2 00. then, with 
the mandrel in place, the proximal end 222 of the sleeve 4 is 
heat-shrunk down onto the outside cylindrical wall 224 of the 
primary shaft tube 18, also with heat and radial inward 
pressure at the annulus 230 of the sleeve 4 just distal of 
the distal end 206 of the primary tube 18. 

Those skilled in the art will be familiar with the usual 
arrangements at the proximal end of the coaxial tube 18 /shaft 
16 arrangement, for deploying the stent 6 by proximal 
retraction of the sleeve 4 . Further details are available 
from WO 944 . After proximal withdrawal of the sleeve 4 , to 
deploy the self -expanding stent 6, the entire delivery system 
may be withdrawn from the bodily lumen and the body of the 
patient. It will be appreciated that the only component 
withdrawn proximal ly along the lumen of the expanded stent 6 
is the carrier tube 74, which has minimal structural features 
to interfere with any bodily tissue protruding radially 
inwardly into the lumen of the expanded stent 6, through its 
expanded interstices. It will be appreciated that proximal 
withdrawal of the sleeve 4 causes the taper tip 240 to open 
up to a more cylindrical configuration, with a distal opening 
242 big enough to pass over the abluminal surface of the 
stent 6 being deployed. It may be convenient to provide the 
taper tip 240 of the sleeve 4 with parting zones which are 
elongate in the axial direction of the system, enabling the 
taper tip 240 to split into two or more part -circumferential 
portions in relief of hoop stresses imposed within the taper 
tip 240 by its being pulled proximally over the stent 6. Any 
such parting will relieve the hoop stress and tensile stress 
within the sleeve 4 in general, thereby reducing the amount 
of tensile force necessary to be applied to the primary tube 
18 at its proximal end, and in turn reducing the level of 
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compressional stress carried by the inner shaft 16 and its 
continuation 12, as well as by the stent pusher 8. 

It will be evident to skilled readers that the details of 
construction of the inner shaft 16 distal of the primary tube 
18 can be selected to fit with whatever surgical element is 
to be delivered by proximal retraction of the sleeve 4. For 
example, in place of the stent might be means to direct a 
laser beam to a zone of bodily tissue within a site of 
surgery or one or more electrodes for electrical treatment of 
such tissue. Otherwise, there could be on the distal end of 
the inner shaft 16 a filter for bodily liquid flowing within 
the lumen along which the delivery system is advanced. For 
example, one might wish to use the illustrated system to 
deploy a filter for blood in the carotid artery. Such 
filters are known, and conveniently are made of nickel- 
titanium shape memory alloy. Otherwise, one envisages the 
provision of inner shaft 16 in the form of an inflation 
lumen, and the provision of a treatment balloon, such as an 
angioplasty balloon, on the distal end of the shaft tube 16. 
Other uses of the delivery system illustrated in Figs. 1 and 
2A,B will be evident to those skilled in the art. 

The system illustrated in Figs. 1 and 2A,B show three 
radiopaque markers 8, 72 and 27, whereby progressive proximal 
withdrawal of the sleeve 4 reveals progressive proximal 
movement of radiopaque band 27 from a position overlying band 
72 to a position level with, or proximal of band 8 . Again, 
it will be evident to skilled readers that other arrangements 
of radiopaque marker bands are possible and would be selected 
to suit the individual circumstances in which the delivery- 
system is to be employed. 

We turn now to the embodiment of Figures 3 and 4 . 

Referring to Figs. 3, 3A and 3B, a self -expanding stent 310, 
or stent graft, lies inside the distal end zone 312 of a 
sleeve or sheath 314 with a tapered distal tip 316 and a 



WO 2004/062458 



PCT/EP2004/000248 



22 

heat -formed proximal end 318 which defines the orifice 320 of 
a proximal guidewire exit port for a guidewire 322. Being a 
self -expander, the stent 310 is, at least at body 
temperature, putting compressive stress on the luminal 
surface of the sleeve 314 in the distal end zone 312. 
Proximal of the stent 310, and on the abluminal surface 324 
of the sleeve 314, is a swaged marker band 32 6 of radiopaque 
metallic material, which is pressing radially inwardly the 
material of the sheath 314 within the band 32 6. Radially 
inside the sheath at this point is a metal annulus 328 which 
is itself put under radially inwardly compressive stress by 
the material 330 of the sheath 314 inside the marker band 26. 
Thus, the sheath material 330 is compressed between metal 
bands inside (328) and outside (326) the sheath 314. Brazed 
to the annulus 328 is a pull wire 332 which runs from the 
annulus 328 all the way back to the proximal end of the 
catheter device, whereby endwise tensile stress imposed on 
the proximal end of the pull wire 332 will pull proximally 
the annulus 328 and thereby impose on portions of the sheath 
314 distal of the annulus 328 an endwise tensile stress, for 
pulling the sheath 134 proximally with respect to the stent, 
to release the stent. At the same time, portions of the 
sheath 314 proximal of the annulus 328 will be pushed 
proximally. 

A pusher annulus 340 is located in the lumen of the sheath 
314 just proximal of the stent 310. Its purpose is to resist 
proximal movement of the stent 310, when the sheath 314 is 
withdrawn proximally from the stent 310. It can also serve as 
a radiopaque marker band to indicate the proximal end of the 
stent 310. The pusher annulus 340 is brazed or welded or 
otherwise fixed to a pusher tube 342 which is conveniently of 
a biocompatible cobalt alloy (PHYN0X 01 ) and which has its 
distal end 344 distal of the pusher annulus 340 and within 
the lumen of the stent 310. The proximal end 346 of the 
pusher tube 342 is arranged side-by-side with the distal end 
350 of a shaft tube 352 of the catheter device which extends 
all the way to the proximal end of the catheter device and is 
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conveniently provided as a PHYNOX or stainless steel hypo 
tube. The lumen of this shaft tube 352 carries the pull wire 
332. The overlapping portions 346 and 350 of the pusher tube 
and shaft tube are bonded to each other, conveniently by 
brazing, so that they effectively form a single metal strand 
from the proximal end of the catheter device to the stent 
pusher annulus 340. As can be seen in Fig. 3 and Fig. 3B, the 
end orifice 354 of the pusher tube 342 is co- linear with the 
orifice 356 in the heat-formed end 318 of the sheath 314, 
which defines the proximal guidewire exit lumen. Thus, when a 
guidewire 322 is advanced through the guidewire lumen of the 
catheter device by introducing it into the end orifice 358 of 
the tapered distal tip 316 of the sheath 314, the end of the 
guidewire will advance proximally along the pusher tube and 
exit through the port 3 56. 

With reference to Fig. 3A and Fig. 4, we will now explain the 
structure of the pusher tube extension, distal of the pusher 
annulus 340, and located between that annulus and the end 
orifice 358 at the distal end of the sheath 314. 

The metal pusher tube 342 extends for a short distance 
distally of the pusher annulus 340. A distal extension inner 
catheter 368 of polyimide abuts the distal end of the pusher 
tube 342 and is secured to that pusher tube by a shrink tube 
370 radially overlying the distal end of the pusher tube 342 
and the proximal end of the inner catheter 3 68. This shrink 
tube 370 is of PET (which shrinks radially downward to grip 
both these abutting portions) . 

Fig. .4 shows the distal end 372 of the distal extension inner 
catheter tube 368 and a bore 369 within it, open to the 
distal end of the inner catheter 368, and terminating 
proximally at an end-to-end butt joint with the distal end of 
the metal pusher tube 342. A tip extension catheter 360 of 
PEBAX polymer receives the distal end 371 of the inner 
catheter 368, so that its proximal end 367 overlaps the 
abluminal wall of the catheter 68. Around the distal end zone 
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372 of the catheter 368, and sandwiched between the distal 
catheter 368 and the proximal end zone of the tip catheter 
360, is a second radiopaque metal marker band 374, and the 
whole assembly is bonded together with a cyanoacrylate 
adhesive composition. The PEBAX tip extension catheter 360 
extends into the tapered lumen of the taper 16 of the distal 
end of the sheath 314. 

Of note is that the bore 375 of the catheter 360 is 
contiguous and smooth with the bore 369 of the catheter 368 
for smooth progress of a guidewire. Catheter 360 is soft and 
floppy but has a larger outside diameter than catheter 368, 
which helps to ease the end orifice of the sheath 314 open 
when it begins to withdraw. Proximal end 367 of catheter 3 60 
is tapered inwardly. This is because, should a physician 
decide to sheath the distal end of the delivery system after 
stent deployment by re-advancing the sheath distally, the 
tapered tip 316 of the sheath is required to advance distally 
back onto the abluminal surface of catheter 360 and the taper 
367 helps that advance. 

Reverting to Fig. 3A, fixed to the lumen surface of the 
sheath 314, just proximal of the tapered tip zone 316, is a 
third radiopaque metal marker band 3 76 and it will be seen 
that this marker band lies radially outside the second marker 
band 374 within the distal extension inner catheter 368. 

In use, the distal end zone of the catheter system, as shown 
in the drawings, is advanced along a bodily lumen to a 
stenting site. When all is ready for deployment of the stent 
310, an endwise tension is applied to the pull wire 332, 
while the proximal end of the shaft tube 352 is restrained 
from endwise movement, reactive or otherwise. Endwise 
translation of the pull wire 332 results in proximal movement 
of the sheath- 314. Holding the endwise position of the shaft 
tube 352 holds the endwise position of the pusher annulus 340 
which in turn prevents any proximal movement of the stent 310 
with the proximally withdrawing sheath 314. 
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Progressively, the sheath 314 withdraws proximally relative 
to the stent 310 , having the effect of stretching the distal 
tip 316 of the sheath 14 over the radially outward surface of 
the stent 310, leading to progressive release and radial 
expansion of the stent 310, from its distal end toward its 
proximal end . 

Note that, before there is any relative movement of the 
sheath 14 and pusher annulus 340, the radiologist "sees" only 
two marker bands, namely the first marker 340 and the 
radially superimposed second and third marker bands 3 374 and 
376. However, once the sheath 314 starts to withdraw 
proximally, the radiologist can see the third marker, at a 
position proximal of the second marker. Clearly, when the 
third marker has moved proximally to approach, pass over, and 
then move proximally away from the first marker 34 0, one has 
confirmation that the stent 310 has been deployed, by full 
proximal withdrawal of the sheath 314.' 

During proximal withdrawal of the sheath 314, it will be 
appreciated that the proximal end 318 of the sheath 14 slides 
proximally over the outside surface of the shaft tube 352. 

It will appreciated that there should be no endwise movement 
of the shaft 352 relative to its surrounding entities, 
whether a bodily lumen or the lumen of a guide catheter, 
during deployment of the stent 310. This is an opportunity 
for enhancement of precision of the placement of the stent, 
because any friction between the outside surfaces of the 
shaft tube 352 and the surrounding structures will only tend 
to confirm the location of the pusher annulus with respect to 
the body of the patient, and thereby the location of the 
stent 10 with respect to the body of the patient. 

Further, the friction forces between the pull wire 3 32 and 
the luminal surfaces of the shaft tube 352 ought to be very 
small or minimal, as should any frictional forces between the 
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withdrawing sheath 314 and the outside surface of the shaft 
tube 352, at the proximal end 318 of the sheath. Further, as 
the sheath 314 is relatively short in proportion to the 
catheter device as a whole, any friction between the outside 
surfaces of the sheath 314 and the surrounding bodily tissue 
ought also to be usefully smaller than in conventional 
systems where the full length of the stent deployment 
catheter must be moved relative to its surroundings. All of 
this elimination of unwanted and unhelpful friction is 
advantageous to the person deploying the stent, because any 
tactile feedback should relate more closely to events at the 
stent itself, and any force input at the proximal end of the 
device should be more completely delivered to the components 
around the stent 310 at the distal end of the device. There 
should be less lost motion in the system between the proximal 
and distal ends, less hysteresis, and less discrepancy 
between the amount of force applied at the proximal end and 
the amount of force delivered to the components surrounding 
the stent. It should be possible, with the system proposed 
herein, to enhance the position of stent placement, and the 
degree of confidence that users have when deploying stents, 
that the stent has been deployed smoothly and correctly. 

As to design variations, the following will be evident to 
those skilled in the art, but so too will many more design 
possibilities, within the relevant published state of the art 
but not mentioned here. 

The sheath need not include braiding. The pull wire can be 
threaded directly to the braiding, thereby avoiding the need 
for any pulling annulus between the pull wire and the sheath. 
Neither the distal end nor the proximal end o the sheath need 
be tapered. An atraumatic tip to the device can be carried on 
the pusher sub- system that includes the stent stopper. 

Implants to be delivered by the device need not be stents and 
stent graft. For example, filters can be deployed with the 
device . 
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Those skilled in the art will appreciate how to build an 
actuator for the proximal end of the device. A suitable basis 
is the device described in WO 02/087470, modified to 
accommodate the radial inversion of the- push/pull elements • 

It will be appreciated that, with the illustrated 
arrangement, there is no requirement for any axial movement 
of the outer shaft tube 352 relative to the bodily lumen in 
which it slides. Instead, since the shaft tube is connected 
to the stent stopper, it is required that there be no such 
axial movement. Accordingly, any- binding between the shaft 
tube and any surrounding guide catheter, or bodily tissue of 
the access lumen, and any friction acting on the outside 
surface of the shaft tube, is turned by the present invention 
into an advantage rather than a problem, because it will help 
to confirm the axial position of the shaft tube relative to 
the stopper and the stenting site. The more tortuous the 
access lumen in the body, the more likely it is that there 
will be no axial movement of the shaft tube and stopper 
relative to the intended stenting site. 

Furthermore, a shaft tube has more inherent resistance to 
elastic axial compression than a mere wire within the lumen 
of the tube. Thus, regardless how great are the tensile 
stresses imposed on the pull wire during the push-pull 
activity of stent release, there should be less unwanted 
proximal movement of the stopper from the intended site of 
stenting. 

Furthermore, the means for pulling back the sheath can also 
be of metal and also with a high capacity to resist axial 
strain, increasing the precision with which the operator of 
the catheter device can control the progressive withdrawal of 
the sheath and release of the stent. Many doctors prefer to 
release a self -expanding stent in a step-wise movement. If 
the pulling system stretches, then a step-wise movement can 
have the consequence of a time -dependent response at the 
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distal end of the system, and a relaxation of the pulling 
system between successive pulling steps, with consequent 
undesirable reverse distal movement of the sheath or else 
"lost movement" in the pulling system as it once again 
strains to take up the pull tension with successive step-wise 
pulls at the proximal end of the system. 

Thus, the shaft tube 352 is conveniently a PHYNOX or 
stainless steel hypo tube and the pull wire 332 is 
conveniently of metal, such as a stainless steel wire, either 
solid or hollow. Furthermore, while the sheath will very 
likely be of polymer, it can be made resistant to elastic 
stretching during proximal withdrawal and release of the 
stent by embedding within the annular wall thickness of the 
polymer sheath a fiber reinforcement such as a braided metal 
mesh. In such an embodiment, there is effectively a 
continuous strand of elastic strain-resistant metal in the 
pulling system, all the way from the proximal end of the pull 
wire to the distal end of the polymer sheath, again adding to 
the precision of proximal withdrawal, and minimising any 
elastic strain within the system during withdrawal. 

At the proximal end of the sheath, it will also be attractive 
to taper the diameter down to a relatively snug fit around 
the outside of the shaft tube (but not so snug as to resist 
proximal axial sliding of the sheath along the outside of the 
shaft tube) . The proximal guidewire exit port is formed in 
the tapered proximal end of such a formed sheath, as 
explained above. 

Distal of the stopper, the pusher tube is not required by the 
invention to carry any axial compressive stress and in any 
event should be soft and easily bendable so as to keep the 
catheter tip as floppy as possible . The compression 
resistant pusher tube could be extended distally beyond the 
stopper, all the way to the distal end of the sheath, in 
order to define a guidewire lumen which extends within the 
pusher tube all the way to the distal end of the system. 
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Indeed, the pusher tube could extend into an atraumatic tip 
distal of the distal end of the sheath. In this way, the 
tapered tip of the sheath could be omitted. 

Figure 5 shows a variant. A sleeve 400 fits around a shaped 
member 410 which defines a guidewire lumen 412 and a primary 
shaft lumen 414. The distal end of a primary shaft tube 420 
is received in the shaft lumen and abuts a shoulder 416 
within that lumen. Within the shaft tube 42 0 is a push rod 
422 that extends distally to a pusher annulus (not shown) for 
a self -expanding surgical device within the sleeve 400. 

Thus, the sleeve is in tension when it is withdrawn 
proximally to release the device. It needs to be fixed 
reliably to the shaped member 410, as does the shaft tube 420 
within its lumen 414. The proximal end 430 of the sleeve 400 
is radially inwardly tapered down onto the outside surface of 
the shaft tube 420. The shaft tube 420 carries a protrusion 
432 which is located on that side of the tube 420 where the 
guidewire lumen 412 is located, so as not to increase the 
passing diameter of the catheter, but is located also so as 
not to interfere with passage of the guidewire proximal of 
the guidewire lumen 412. Form-fitting the sleeve 400 over 
the protrusion 432 helps to anchor the sleeve against axial 
movement, in either direction, relative to the shaped member 
410 or the shaft tube 420. 

In addition, the shaped member includes protruding ring or 
set of protrusions 434 near the distal end of the shaped 
member and, again, the form- fitting of the sleeve over these 
protrusions will help to maintain the axial position of the 
sleeve relative to the shaped member without resorting to any 
adhesive composition. The shaft tube can be secured within 
the shaft lumen by any means the skilled person finds 
suitable. For example, if the shaped member and the shaft 
tube are both of metal then metal -to-metal joining techniques 
will be employed but if the shaft tube is of metal (such as 
stainless steel) and the shaped member of polymer then it may 
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be advantageous to provide the distal end zone of the shaft 
tube with surfaces transverse to the shaft axis (recesses, 
holes in the tube wall, or protrusions) to be occupied by 
portions of the polymeric shaped member thereby to achieve a 
mechanical interlock. Other techniques will be known to 
those skilled in the art . 

In other respects, details of the embodiments of the other 
drawing figures can be incorporated in the Fig. 5 variant. 

Fig. 6 shows another variant. Components corresponding to 
the Fig. 5 embodiment carry the same reference numerals. 
Braiding 44 0 within the sleeve 40 0 stops short of the 
proximal end 442 of the sleeve. Both the sleeve 400 and the 
dual lumen shaped component 410 are made of PEBAX polymer and 
they are fused together by heat and pressure so that the 
cylindrical interface between them is no longer discernible. 
This fusion of course substitutes for the mechanical locking 
of the projections 432, 434 of Fig. 5. The shaft 420 can be 
fixed within its lumen 414 by any method known to the skilled 
person to be reliable enough to withstand the tensile 
^tresses on the joint which it suffers during stent 
deployment . 

The braided sleeve can be assembled by providing a suitable 
combination of cylindrical components on a mandrel and then 
imposing appropriate heat and pressure. For example, a three 
layer sandwich has been found effective. On the mandrel is 
first arranged a low friction PTFE cylinder, then a tubular 
braided mesh, then a PEBAX cylinder. On heating to render 
the PEBAX fluid, it flows around the braid filaments. On 
cooling the braid filaments are embedded in the PEBAX layer 

Although the presently preferred structures feature a sleeve 
with a tapered distal tip, and loading of the surgical device 
into the sleeve from its proximal end, this is not to exclude 
from this invention embodiments in which the sleeve has a 
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cylindrical distal end past which the device is advanced 
proximal ly when it is loaded into the system. 

The present Applicant has given the name "Dolphin" to the 
embodiments is has developed, because they exhibit at the 
proximal end of the sleeve a profile which is reminiscent of 
a dolphin nose, being caused by the side -by- side arrangement 
of abbreviated guidewire lumen and longer inner catheter 
lumen in the shaped element over which the sleeve is heat- 
formed . 

Skilled readers will appreciate that technical features drawn 
from one or other of the illustrated embodiments can be 
carried into others of the illustrated embodiments. The 
illustrated embodiments are exemplary. The claims which 
follow define the scope of protection and bring out the 
spirit of the invention. 



